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(54) PRODUCTION OF FLAME-RETARDANT POLYESTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a rpethod for 
efficiently producing the subject polyester; by which 
properties for transportation, storing, and handling are 
improved by adding a specific organophosphorus 
compound to the reactive component in the 
manufacturing process of a specific polyester and 
copolycondensing the added product. 
SOLUTION: (B) An phosphorus compound obtained by 
reacting (i) an organic phosphorus compound of formula 
I with (ii) itaconic acid and (iii) ethylene glycol by 
heating, and polycondensing the product by heating the 
reacted product and removing the component (iii) 
therefrom under a reduced pressure, and mainly 
represented by formula II [(n) is >4 in average] is added 
to (A) a reactive component in the production process 
of a polyester preferably comprising a polyethylene 
terephthalate or polyethylene 2, 6- 
naphthalenedicarboxylate, and the added mixture is 
copolycondensed to provide the objective polyester in 

the method for producing the flame-retardant polyester. The component (i) is ordinary called 
9,1 0-dihydro-9-oxa-1 0-phosphaphenanthrene-1 0-oxide. 
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[Claim(s)] 

[Claim 1] The manufacture approach of the fire-resistant polyester which the organic **** 
compound, the itaconic acid, and ethylene glycol which are expressed with a structure 
expression 1 are made to react to the bottom of heating, and is succeedingly characterized by 
adding and carrying out copoly condensation of the organic **** compound which was made to 
carry out a polycondensation and was obtained, and which is mainly expressed with a general 
formula 2 to the reaction component of the manufacture process of specific polyester while 
removing ethylene glycol under heating and reduced pressure. 
[Formula 1] 
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(However, the average of n is four or more.) 

[Claim 2] Make the organic **** compound, the itaconic acid, and ethylene glycol which are 
expressed with a structure expression 1 react to the bottom of heating, and add a terephthalic 
acid or dimethyl terephthalate and esterification or an ester exchange reaction is made to 
perform succeedingly. After that The manufacture approach of the fire-resistant polyester 
characterized by adding and carrying out copolycondensation of the organic **** compound 
which was made to carry out copolycondensation and was obtained, and which is mainly 
expressed with a general formula 3 to the reaction component of the manufacture process of 
specific polyester, removing ethylene glycol under heating and reduced pressure. 
[Formula 3] 
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(However, the sum total of the average of n and m is four or more, and the relation of 4 n>=m 
between the average of n and the average of m is.) 



[Claim 3] The organic **** compound, the itaconic acid, and ethylene glycol which are 
expressed with a structure expression 1 are made to react to the bottom of heating. Add 2 and 
6-dicarboxy naphthalene or dimethyl -2, and 6-naphthalenedicarboxylate, and esterification or 
an ester exchange reaction is made to perform. Then, after that The manufacture approach of the 
fire-resistant polyester characterized by adding and carrying out copolycondensation of the 
organic **** compound which was made to carry out copolycondensation and was obtained, 
and which is mainly expressed with a general formula 4 to the reaction component of the 
manufacture process of specific polyester, removing ethylene glycol under heating and reduced 
pressure. 
[Formula 4] 
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(However, the sum total of the average of n and m is four or more, and the relation of 2 n>=m 
between the average of n and the average of m is.) 

[Claim 4] The manufacture approach of the fire-resistant polyester of claims 1-3 given [ each ] 
in a term that said specific polyester is polyethylene terephthalate or polyethylene -2, and 
6-naphthalenedicarboxylate. 

[Claim 5] The manufacture approach of the fire-resistant polyester according to claim 2 which 
generates the organic **** compound which the organic **** compound, the itaconic acid, the 
ethylene glycol and the terephthalic acid, or dimethyl terephthalate of said structure expression 
1 is made to react at once, and is similarly shown by said general formula 3. 
[Claim 6] The manufacture approach of the fire-resistant polyester according to claim 3 which 
generates the organic **** compound which organic **** compound [ of said structure 
expression 1 ], itacoriic-acid, ethylene glycol and 2, and 6-dicarboxy naphthalene or dimethyl -2, 
and 6-naphthalenedicarboxylate are made to react at once, and is similarly shown by said 
general formula 4. 

[Claim 7] The manufacture approach of the fire-resistant polyester according to claim 1 which it 
is at the reaction termination time in the ester interchange machine or esterification machine for 
polyester manufacture in the manufacture process of said specific polyester in which the organic 
**** compound of said general formula 2 should be added, or at the polycondensation reaction 
initiation time in an autoclave. 



[Claim 8] The manufacture approach of the fire-resistant polyester according to claim 2 which it 
is at the reaction termination time in the ester interchange machine or esterification machine for 
polyester manufacture in the manufacture process of said specific polyester in which the organic 
**** compound of said general formula 3 should be added, or at the polycondensation reaction 
initiation time in an autoclave. 

[Claim 9] The manufacture approach of the fire-resistant polyester according to claim 3 which it 

is at the reaction termination time in the ester interchange machine or esterification machine for 

polyester manufacture in the manufacture process of said specific polyester in which the organic 

**** compound of said general formula 4 should be added, or at the polycondensation reaction 

initiation time in an autoclave. 

[Detailed Description of the Invention] f 

[0001] 

[Field of the Invention] This invention relates to the manufacture approach of fire-resistant 
polyester. Furthermore, it is related with the manufacture approach of the fire-resistant polyester 
characterized by adding and carrying out copolycondensation of the organic **** compound (a 
general formula 2, a general formula 3, or a general formula 4 being called hereafter.) mainly 
expressed with a general formula 2, a general formula 3, or a general formula 4 to a detail in the 
manufacture process of specific polyester, i.e., polyethylene terephthalate, or polyethylene -2, 
and 6-naphthalenedicarboxylate, i.e., fire-resistant polyethylene terephthalate, fire-resistant 
polyethylene -2, and 6-naphthalenedicarboxylate. In addition, in this invention, specific 
polyester is defined as being polyethylene terephthalate or polyethylene -2, and 
6-naphthalenedicarboxylate, and fire-resistant polyester is defined as being fire-resistant 
polyethylene terephthalate or fire-resistant polyethylene -2, and 6-naphthalenedicarboxylate. 
[0002] 
[Formula 5] 
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(However, the average of n is four or more.) 
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[Formula 6] 
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(However, the sum total of the average of n and m is four or more, and the relation of 4 n>=m 
between the average of n and the average of m is.) 
[0004] 
[Formula 7] 
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(However, the sum total of the average of n and m is four or more, and the relation of 2 n>=m 

between the average of n and the average of m is.) 

[0005] 

[Description of the Prior Art] One of the polyester called in this invention is usually called 
polyethylene terephthalate (PET), and it is widely known as an ingredient of a synthetic fiber or 
various mold goods, and is used. Since this synthetic fiber is equipped with the good property as 
fiber, such as big reinforcement, high thermal resistance, high Young's modulus, an outstanding 
dye affinity, outstanding aesthetic property, or outstanding endurance, garments are used also for 
the application of bedding, an interior, or a tire cord from the first. As mold goods, it is applied 
to applications, such as a photographic film, a bottle, or a machine part, taking advantage of 
properties, such as transparency which was excellent in polyethylene terephthalate, outstanding 
thermal resistance, or an outstanding mechanical strength. And with expansion of such a broad 
application, the manufacturing cost of polyester is also reduced gradually and it is growing up 
into one of the coal chemical products which is proud of a now the most general and large-scale 
volume. 

[0006] Other one is the polycondensation object of ethylene glycol and 2 and 6-dicarboxy 
naphthalene (2, 6-naphthalene dicarboxylic acid), and, generally it is called polyethylene -2 and 
6-naphthalenedicarboxylate (PEN). Still bigger reinforcement, high thermal resistance, or the 
outstanding dimensional stability was accepted, and this was put in practical use as ingredients, 



such as a film and mold goods, recently. This is only the structure where the terephthalic acid of 
polyethylene terephthalate was essentially replaced with 2 and 6-dicarboxy naphthalene, if it is 
called polyester, generally the former is pointed out, but since both are applied effectively, this 
invention includes front 2 persons in the range of the same polyester in this invention. 
[0007] Usual polyethylene terephthalate is divided roughly and manufactured by the following 
two approaches. One of them is a longtime approach now called the ester interchange method. It 
is dimethyl terephthalate (it is called DMT or dimethyl terephthalate.) to the reaction machine 
first called the ester interchange machine. And ethylene glycol diester of a terephthalic acid 
which teaches the ethylene glycol of an excessive amount, is made to carry out a pyrogenetic 
reaction to the bottom of existence of a catalyst, and is mainly expressed with a structure 
expression 5 (a structure expression 5 is galled hereafter.) After making it generate, it is the 
approach of moving a product to the polycondensation machine called the autoclave next, 
advancing a polycondensation reaction under heating and reduced pressure, and finally 
discharging and manufacturing the product of the hyperviscosity in an autoclave with a nitrogen 
gas pressure. It is an approach new in comparison, other one teaches the ethylene glycol of a 
terephthalic acid and an excessive amount to the reaction machine first called the esterification 
machine, and after carrying out a pyrogenetic reaction to the bottom of atmospheric pressure or 
pressurization and making a structure expression 5 generate under existence of a catalyst, it 
moves a product to the autoclave for polyester manufacture next, and manufactures it like a 
front method henceforth. 
[0008] 
[Formula 8] 
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Although the diol component which had some flexible structure as a crystallization accelerator 
may be added, the former terephthalic acid only replaced the manufacture approach of usual 
polyethylene -2 and 6-naphthalenedicarboxylate with 2 and 6-dicarboxy naphthalene, and, 
essentially, it is manufactured by the almost same approach as polyethylene terephthalate. 
[0009] In addition, "the manufacture processes of polyester" called in this invention is all 
chemical or physical processes finished with the polycondensation machine which begins from 
the ester interchange machine or esterification machine used in manufacture of polyester, and is 
called the autoclave. Moreover, although polyester is recently manufactured also by the 
continuous approach, since the principle is completely the same, they are all the processes of the 
polyester manufacture which begins from an ester interchange or esterification also in such a 
case, and is finished with a polycondensation. 



[0010] In order that fire-resistant polyester may answer the demand of flameproofing of the 
synthetic fiber which started around in Showa 45 (1970), it inquires widely, and the 
fire-resistant polyester of a current copolycondensation mold is completed after many changes. 
[0011] About fire-resistant polyethylene terephthalate It is the organic **** compound (a 
structure expression 1 is called hereafter.) expressed with a structure expression 1 as a flame 
retarder used from the former as indicated by JP,52-47891,A, the 52-91878 official report, the 
52-97981 official report, the 52-98089 official report, etc. An itaconic acid and the organic **** 
compound which obtains, is made to carry out the pyrogenetic reaction of the ethylene glycol, 
and is obtained and which is shown mainly with a structure expression 6 (a structure expression 
6 is called hereafter.) An ethylene glycol solution is common and fire-resistant polyester is 
manufactured by adding and carrying $ut the copolycondensation reaction of this in the 
manufacture process of the aforementioned polyester. And it is added and copolycondensation 
of the ethylene glycol solution of a structure expression 6 is carried out so that fire-resistant 
polyester paste ****** finished may become 0.3 thru/or 1.0%. 

[0012] Also about fire-resistant polyethylene -2 and 6-naphthalenedicarboxylate, the ethylene 
glycol solution of a structure expression 6 is used as a flame retarder, and is usually completely 
manufactured by the same approach with the former as indicated by JP,7-97436,A. 
[0013] And since the structure expression 6 as a flame retarder has the property by which 
copolycondensation is easily carried out to polyester, the fire-resistant polyester which used this 
has the advantage manufactured in the manufacture process of polyester by carrying out 
copolycondensation without modification of conditions as well as usual polyester that what is 
necessary is just to add this flame retarder. Moreover, it is told that it is the most desirable stage 
at the reaction termination [ in an ester interchange machine or an esterification machine ], or 
reaction initiation time in an autoclave that these copolycondensation types of flame retarder is 
added in the manufacture process of polyester. 
[0014] 
[Formula 9] 
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[0016] 

[Problem(s) to be Solved by the Invention] A structure expression 6 will be the difficult liquid 
with very high viscosity of handling, if it isolates, and the conventional flame retarder which 
made this the principal component is stored [ it is usually manufactured as a solution of ethylene 
glycol, is conveyed, and ] and used. And although this solution contains the ethylene glycol of a 
considerable amount, since it is still a liquid with fairly high viscosity, it is necessary to heat at 
50 degrees C or more on the occasion of that handling, and to reduce viscosity. Moreover, since 
it is specified as the fourth kind of the dangerous substance, and the third petroleum in Fire 
Service Law, regulation of Fire Service Law must be followed on the occasion of transportation, 
storage, and handling, and there is much trouble. Furthermore, 4 thru/or 5%, and since this 
flame-retarder paste ****** i s low, it cannot disregard the transportation cost per **** unit, 
either. 

[0017] The first purpose of this invention the ethylene glycol solution of a structure expression 
6, removing ethylene glycol under heating and reduced pressure By using the content which is 
the product which carried out the polycondensation reaction and which is not needed quantity, 
and the general formula 2 with high softening temperature as a flame retarder It is improving 
the transportation which was the fault of the conventional liquid flame retarder, storage, and a 
handling family name, and increasing the efficiency of manufacture of fire-resistant polyester, 
maintaining the advantage of the outstanding copolycondensation nature with the polyester 
which the structure expression 6 had. Moreover, the same is said of a general formula 3 or a 
general formula 4. 

[0018] The second purpose is raising the productivity of fire-resistant polyester by increase of 
the volume per batch in manufacture of polyester, and compaction of the copolycondensation 
time amount which per batch takes by using the flame retarder of the solid-state with a high 
**** content from which the ethylene glycol of the amount of surpluses contained in the 
conventional liquid flame retarder was removed. 
[0019] 

[Means for Solving the Problem] Make the organic **** compound, the itaconic acid, and the 
ethylene glycol which are shown with a structure expression 1 react to the bottom of heating 
according to this invention, and the manufacture approach of the fire-resistant polyester which 



consists of adding and carrying out copolycondensation of the organic **** compound which 
was made to carry out a polycondensation and was obtained, and which is mainly expressed 
with a general formula 2 to the manufacture process of the polyester chosen from polyethylene 
terephthalate and polyethylene -2, and 6-naphthalenedicarboxylate is offered succeedingly, 
removing ethylene glycol under heating and reduced pressure. 

[0020] Moreover, the organic **** compound which is expressed with a structure expression 1 
. according to another aspect of affairs of this invention, Make an itaconic acid and ethylene 
glycol react to the bottom of heating, and add a terephthalic acid or dimethyl terephthalate and 
esterification or an ester exchange reaction is made to perform succeedingly. After that 
Removing ethylene glycol under heating and reduced pressure, carried out copolycondensation 
and were obtained. The organic **** compound mainly expressed with a general formula 3 is 
added in the manufacture process of the polyester chosen from polyethylene terephthalate and 
polyethylene -2, and 6-naphthalenedicarboxylate. The manufacture approach of the becoming 
fire-resistant polyester is offered by carrying out copolycondensation. 

[0021] Moreover, the organic **** compound which is expressed with a structure expression 1 
according to still more nearly another aspect of affairs of this^ invention, An itaconic acid and 
ethylene glycol are made to react to the bottom of heating. Succeedingly Add 2 and 6-dicarboxy 
naphthalene or dimethyl -2, and 6-naphthalenedicarboxylate, and esterification or an ester 
exchange reaction is made to perform. After that Removing ethylene glycol under heating and 
reduced pressure, carried out copolycondensation and were obtained. The manufacture approach 
of the fire-resistant polyester which consists of adding and carrying out copolycondensation of 
the organic **** compound mainly expressed with a general formula 4 to the manufacture 
process of the polyester chosen from polyethylene terephthalate and polyethylene -2, and 
6-naphthalenedicarboxylate is offered. 

[0022] The structure expression 1 is called 9 and 
10-dihydro-9-OKISA-10-phosphorphenanthrene-10-oxide, and is usually a white solid-state 
whose melting point is 117 degrees C. This is manufactured considering a 2-hydroxy biphenyl 
and 3 chlorination **** as a raw material, and has the application as a raw material of the 
stabilizer of a high molecular compound, or a flame retarder. Moreover, this carrying out an 
addition reaction to an itaconic acid, and generating the organic **** compound (a structure 
expression 7 being called hereafter.) expressed with a structure expression 7 is known. And 
theoretically, like the structure expression 6, as a flame retarder of polyester, since some 
problem is in things and manufacture with the purification difficult although it should be used, 
current [ most ] are not used for the structure expression 7. 
[0023] 
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Addition with a general formula 1 and an itaconic acid is exothermic reaction, and advances 
smoothly at 120 thru/or 130 degrees C. However, the structure expression 7 has the melting 
point near 200 degree C, and since a structure expression 7 deposits during a reaction under the 
most desirable temperature for a reaction, if a solvent does not exist, it cannot perform smoothly 
the addition reaction of a structure expression 1 and an itaconic acid. Therefore, usually it is 
carried out to the bottom of existence of ethylene; glycol, a structure expression 7 is esterified at 
once, and the addition reaction of a structure expression 1 and an itaconic acid is guided even to 
a structure expression 6. The ethylene glycol used here also has the purpose for which the 
viscosity of a reaction mixture is reduced, and is 2.5 thru/or the amount of 3.5 times to the 
amount of theory of a structure expression 6. In addition, the amount used is [ come / the 
amount of theory of the general formula 2 which is a flame retarder concerning this invention / ] 
equivalent to 5 thru/or the amount of 7 times, if. The ethylene glycol solution of a structure 
expression 6 does not have 5, makes a structure expression 1, an itaconic acid, and ethylene 
glycol react at about 120 to 200 degrees C for 10 hours, and is manufactured. Usually, the 
product obtained is 60% or less of ethylene glycol solution of a structure expression 6. 
[0024] Therefore, the conventional liquid flame-retarder paste ****** finished by doing in this 
way was low, and had to teach [ rather than ] a lot of flame retarders with the superfluous 
ethylene glycol which should be removed at the end on the occasion of manufacture of 
fire-resistant polyester. Since this was also the factor which reduces the volume efficiency of an 
autoclave and usually needed to remove the excessive ethylene glycol contained in the flame 
retarder, it had also become the element with which the time amount which a 
copolycondensation reaction takes is delayed. 

[0025] However, the ethylene glycol solution of a structure expression 6, removing ethylene 
glycol under heating and reduced pressure The **** content flame retarder which consists of a 
general formula 2 which is made to carry out a polycondensation reaction and is obtained is a 
solid-state with softening temperature high in comparison. 8.3% and the high thing also of that 
**** con tent are the descriptions, and when this flame retarder is used for manufacture of 
fire-resistant polyester, it compares with the conventional approach. Since the tooth space of an 
autoclave is not occupied unnecessarily, the amount of manufactures of the fire-resistant 
polyester per batch is increased, and time amount required for removal of excessive ethylene 



glycol is also shortened. Therefore, the productivity of fire-resistant polyester improves. 
[0026] Removing ethylene glycol, after adding ethylene glycol to the ethylene glycol solution of 
a structure expression 6 if required for the terephthalic acid or the dimethyl terephthalate pan, 
and making esterification or an ester exchange reaction perform, a copolycondensation reaction 
can be carried out and the general formula 3 which is one of the flame retarders concerning this 
invention can be manufactured. Although it is natural, the content which does not get among a 
flame retarder falls, so that the component of the terephthalic acid of a general formula 3 
increases. However, the flame retarder which already carried out copolycondensation of the 
terephthalic acid is only needed for a large quantity, and even if it uses this, the fall of the 
productivity of fire-resistant polyester is not seen. Therefore, it is added in the manufacture 
process of polyester like the flame retarder which consists of a general formula 2, and the flame 
retarder which consists of this general formula 3 can also be used for the purpose which 
manufactures fire-resistant polyester more efficiently. 

[0027] Moreover, if required for 2 and 6-dicarboxy naphthalene or dimethyl -2, and 
6-naphthalenedicarboxylate pan, ethylene glycol will be added to the ethylene glycol solution of 
a structure expression 6, and if copolycondensation is carried out like the former, the flame 
retarder which consists of a general formula 4 will be manufactured. And the general formula 4 
also has the same purpose as a general formula 3, and can use it for manufacture of fire-resistant 
polyester. 

[0028] Usually, although it is most desirable that a general formula 4 is used for fire-resistant 
polyethylene terephthalate by fire-resistant polyethylene -2 and 6-naphthalenedicarboxylate, 
respectively as for a general formula 3, in this invention, the limitation is not required. 
[0029] It does not correspond to the dangerous substance of Fire Service Law, but in the 
transportation, storage, and handling, each is the vitrified high solid-state of softening 
temperature, and they are [ a general formula 2, a general formula 3, and a general formula 4 are 
also very safe and ] also simple. 

[0030] If a catalyst exists when making a polycondensation reaction perform and manufacturing 
a general formula 2, removing ethylene glycol for the ethylene glycol solution of a structure 
expression 6 under heating and reduced pressure, a reaction is accelerated and the molecular 
weight of a general formula 2 can be increased to compaction and coincidence of reaction time. 
This thing is being able to say similarly also when manufacturing a general formula 3 or a 
general formula 4. 

[0031] Generally, as a catalyst of the polycondensation reaction of polyester, metal catalysts, 
such as an antimony trioxide, a germanium dioxide, calcium acetate, cobaltous acetate, 
manganese acetate, or zinc acetate, are used by two or more sorts in many cases, being mixed. 
Since all the catalysts currently used at the time of polyester manufacture are effective even if it 



also fortunately faces manufacture of a general formula 2, a general formula 3, and a general 
formula 4, if the catalyst of the same class is used, there is little concern which evil produces on 
the occasion of manufacture of fire-resistant polyester. 

[0032] If the ethylene glycol solution of a structure expression 6 is heated and the reaction 
inside of a plane is made reduced pressure, ethylene glycol will boil and it will be removed out 
of a system. With removal of ethylene glycol, a stoichiometry-balance shifts, as the correction 
action, self -condensation of the structure expression 6 is carried out, and it generates ethylene 
glycol further. If the generated ethylene glycol is also united and removed, a polycondensation 
reaction will progress, molecular weight will increase and the flame retarder which consists of a 
general formula 2 will be generated. For temperature, as the last reaction condition at this time, 
200 thru/or 250 degrees C, and a degree ^of vacuum are [ 0.01 thru/or 3Torr(s), and reaction 
time ] 3 thru/or 20 hours. 

[0033] If a catalyst exists here, the time amount which a polycondensation reaction takes will be 
shortened and the general formula 2 with more big molecular weight will be obtained. As a 
catalyst actually used, a Sb2 03-(AcO)2 calcium system, A Sb2 03-(AcO)2 Mn system, a Sb2 
03-(AcO)2Co system, Although a Sb2 03-(AcO)2 Zn system, a Ge02-(AcO)2 calcium system, 
a Ge02-(AcO)2 Mn system, a Ge02-(AcO)2 Co system, or a Ge02-(AcO)2 Zn system is 
mentioned In addition, all the catalysts used at the time of the pofycondensation of polyester 
may be used. 

[0034] moreover, the ethylene glycol solution of a structure expression 6 — for example, the 
catalyst of dimethyl terephthalate and a Sb2 03-(AcO)2 Zn system - if still more nearly 
required — ethylene glycol — in addition, if mixture is made into about 200 degrees C, the ester 
exchange reaction of dimethyl terephthalate and ethylene glycol will advance, and a methanol 
will be generated. A methanol is distilled by generation and coincidence reaction outside the 
plane. A copolycondensation reaction is advanced making the reaction inside of a plane reduced 
pressure, and removing ethylene glycol, if generation of a methanol is completed. The last 
reaction condition is the same as that of a general formula 2, and the content flame retarder 
which is the softening temperature which consists of a general formula .3 and which is not 
needed quantity is manufactured. 

[0035] Furthermore, a structure expression 1, itaconic-acid ethylene glycol and a terephthalic 
acid, or dimethyl terephthalate is made to react at once, it is also possible to manufacture a 
general formula 3 and this is also included by the range of this invention. If the dimethyl 
terephthalate used by manufacture of a general formula 3 is replaced with dimethyl -2 and 
6-naphthalenedicarboxylate also about manufacture of a general formula 4, it will be carried out 
in similarity with the former. 

[0036] The sum total of the average of n and m of the average of n of a general formula 2 and a 



general formula 3, or a general formula 4 is four or more. With [ the sum total of these averages 
or the average ] four [ less than ], since the softening temperature of the flame retarder which 
consists of a general formula 2, a general formula 3, and a general formula 4 does not become 
high enough, but causes and agglomerates blocking during the transportation or storage and 
changes to the difficult aspect of handling, it is not desirable. The sum total of the average of n 
and m of the average of n of a general formula 2 and a general formula 3, or a general formula 4 
is ten or more still more preferably six or more more preferably. And it is not necessary to 
prepare an upper limit in the sum total of the average of n and m of the average of n of a general 
formula 2 and a general formula 3, or a general formula 4, and even if it is the product of the 
highest numeric value acquired by the usual synthetic approach, any trouble cannot be found in 
the purpose of this invention, and it can b$ used for it. Incidentally the highest of the average of 
n of the general formula 2 obtained by the usual synthetic approach was about 40, and the 
highest of the sum total of the average of n and m of a general formula 3 or a general formula 4 
was about 90. 

[0037] Moreover, the relation of 4 n>=m between n and m of a general formula 3 is, and the 
relation of 2 n>=m between n and m of a general formula 4 is. If flame-retarder paste ****** 0 f 
these relation decreases also in remainder, it is the prepared limit and some can also make the 
purpose of increase in efficiency a sacrifice from the consideration by which the increase in 
efficiency of the fire-resistant polyester manufacture made into the purpose of this invention is 
spoiled, even if this limit is out of range, fire-resistant polyester will be smoothly manufactured 
like this invention. 

[0038] Conventionally, mixing the ethylene glycol solution of a structure expression 5 and a 
structure expression 6, and removing ethylene glycol under heating and reduced pressure in an 
autoclave, copolycondensation of the fire-resistant polyethylene terephthalate is carried out, and 
it is manufactured. In addition, as for the catalyst for a polycondensation reaction, it is common 
to be added in case a structure expression 5 is prepared beforehand, and it is rare to add a 
catalyst anew at the time of copolycondensation. While 260 thru/or 295 degrees C, and a degree 
of vacuum are performed under the conditions of 0.01 thru/or 3Torr(s) and temperature looks at 
increase of the churning torque of a reaction machine, as for the copolycondensation reaction, 
the terminal point of a reaction is decided. Generally, with fire-resistant extent as which the 
flame retarder used is required, the addition is adjusted so that the content which does not get 
among fire-resistant polyethylene terephthalate may be finished to 0.3 thru/or 1.0%. 
[0039] However, even if it uses the general formula 2, the general formula 3, or general formula 
4 of this invention as a flame retarder, fire-resistant polyester can be manufactured completely 
like the conventional approach. That is, the general formula 2, the general formula 3, or general 
formula 4 of an initial complement is added to a structure expression 5 or JI (hydroxyethyl) -2, 



and 6-naphthalenedicarboxylate, copolycondensation is carried out like the manufacture 
approach of usual polyester, and fire-resistant polyester is manufactured. If finished 
fire-resistant polyester beam ****** is fixed, no matter it may make full use of what analysis 
means, it is undistinguishable at all also by this invention approach which used the conventional 
approach which used the structure expression 6 as a flame retarder or the general formula 2, the 
general formula 3, or the general formula 4. This is understood to be because for the 
rearrangement of a general formula 2, a general formula 3, or the general formula 4 to be carried 
out by depolymerization or the ester exchange reaction into polyester in the manufacture 
process of polyester. 

[0040] As a copolymerization mold paste ****** flame retarder of polyester, the organic **** 
compound expressed with the structure expression 8 or structure expression 9 other than a 
structure expression 6 is known conventionally. 
[0041] 

[Formula 12] 

HOCCH 2 CH 2 POH L («i^8) 

o o r 

[0042] 

[Formula 13] 
f 

HOCCHjjCHgPOH ... Hfig^g) 

o o 

(However, phi shows a phenyl group.) If it is within limits which do not spoil copolymeric 
[ with the polyester in which the general formula 2, the general formula 3, or the general 
formula 4 also has these organic **** compounds / outstanding ], it can be used combining with 
the flame retarder concerning this invention, and the fire-resistant polyester of this invention can 
be manufactured convenient. 

[0043] Furthermore, the flame retarder which is made to carry out copolycondensation of the 
organic compound of other ester plasticities, and is obtained and which starts this invention also 
what is usually called reforming polyester is used, and fire-resistant polyester can be 
manufactured similarly. 
[0044] 

[Example] In order to clarify this invention further, the example of manufacture of the flame 
retarder concerning this invention, the example of this invention, and the example of a 
comparison are given and explained. In addition, especially % in an example shall express 
weight %, unless it refuses. 



9 > l>297g (structure expression 1) (six mols) of 

10-dihydro-9-OKISA-10-phosphorphenanthrene-10-oxide and l,241g (6x3.33 mols) of ethylene 
glycol were taught to the 4 opening flask made from hard glass of 3,000ml of content volume to 
which example of manufacture 1 stirrer, a thermometer, gas entrainment opening, and 
distillation opening were attached, and the flask was heated. Since 9 and 
10-dihydro-9-OKISA-10-phosphorphenanthrene-10-oxide dissolved in ethylene glycol when 
the temperature of contents became 100 degrees C, 796g (6x1.02 mols) of itaconic acids was 
added with stirring. The inside of a bond and a flask is made a pressure reducer through 
distillation opening of a flask at the vacua of 30Torr(s), and heating a flask was continued. Since 
it began to have boiled contents at about 115 degrees C, the distilling rate of distillation opening 
was adjusted so that only the water generated by the reaction might be removed. Then, 
whenever [ in a flask / reduced pressure ] is reduced gradually, it heated so that contents may be 
in an ebullition condition continuously at it and coincidence, and temperature was raised. 
Removing immediately, only the water generated in the meantime adjusted whenever [ reduced 
pressure ] so that the temperature of contents might become 200 degrees C of last. Taking 4 
hours for the temperature of contents to become 185 degrees C, whenever [ last reduced 
pressure ] was 430Torr(s). Then, temperature rose with advance of a reaction and it amounted to 
200 degrees C. After the temperature of contents became 185 degrees C, the water generated 
and distilled by the reaction about 6 hours after was exhausted. It considered that this was the 
ending point of a reaction, nitrogen gas was blown into the reaction machine, and the flask was 
returned to ordinary pressure. The reaction mixture was the ethylene glycol solution of a 
structure expression 6, and when cooling, it was a liquid with very high viscosity. 
[0045] Whenever [ in a flask / reduced pressure ] was raised gradually, having added lOOg of 
ethylene glycol which contains 0.25g (Sb 203) of antimony trioxides, and 2 Zn and {(AcO) 
2H2 zinc-acetate O} 0.22 g in this, and keeping the inside of a flask at 200 degrees C, and it was 
made the vacuum of 1 or less Torr, adjusting so that ethylene glycol may distill smoothly. 
Temperature was raised to 220 degrees C, was continued, and ethylene glycol was made to 
distill here. Since the distillate of ethylene glycol decreased extremely about 5 hours after, under 
[ all / terminal point / of a reaction ]. Pressurizing flask contents for a while with nitrogen gas, it 
began to pass to the bat made from stainless steel, and it was solidified. This was a general 
formula 2 and was a vitrified solid-state with transparent light yellow. Moreover, 6,800 and the 
**** content of the average molecular weight which measured this softening temperature with 
92 degrees C and gel permeation chromatography (GPC) were 8.31%. Therefore, the average of 
n of a general formula 2 was equivalent to 18.1. 

[0046] In addition, in the determination of molecular weight in GPC, this product was carrying 
out amount content of the part which has deserted normal distribution in the low-molecular field 



a little. It is guessed as it being existence of the acid anhydride of a structure expression 7 or the 
cyclic ester of a structure expression 7 and ethylene glycol. Therefore, properly speaking, it is 
more appropriate to a product to be expressed as "the organic **** compound mainly expressed 
with a general formula 2." 

the example 1 of example of manufacture 2 manufacture ~ the same — 9, and 864.7g (four 
mols) of 10-dihydro-9-OKISA-10-phosphorphenanthrene-10-oxide and 826.7g (4x3.33 mols) of 
ethylene glycol were taught to the 4 opening flask of 3,000ml of content volume, and the flask 
was heated. Stirring, since temperature became 100 degrees C and contents dissolved, 530.7g 
(4x1.02 mols) of itaconic acids was added, and the ethylene glycol solution of a structure 
expression 6 was prepared like the example 1 of manufacture. 

[0047] Subsequendy, lOOg of ethylene glycol solutions which contained 776g of dimethyl 
terephthalate, 0.25g of antimony trioxides, and 0.22g of zinc acetate in this was added. Since the 
flask was heated, the temperature of contents became 130 degrees C and contents dissolved, it 
continued heating further with stirring. Whenever [ flask heating-and reduced pressure ] was 
adjusted so that the methanol which the temperature of contents generates by the reaction at 150 
thru/or 200 degrees C might be removed smoothly. When generation of a methanol finished, the 
expenses [ degrees G / 200 ] of whenever [ in a flask / reduced pressure ] are covered gradually, 
and ethylene glycol was removed this time. When the last raised' temperature gradually and 
became 220 degrees C, having made the inside of a flask into the vacuum of 1 or less Torr, and 
looking at the ebullition condition in a flask, it continued the copolycondensation reaction at the 
temperature for 5 hours. Then, since ethylene glycol stopped almost distilling, it is the bottom 
wholly as termination of a reaction. The bat made from stainless steel was made to discharge 
and cool and solidify contents by weak nitrogen pressure. The product was a general formula 3 
and was the vitrified solid-state which wore the yellow taste slightly. The softening temperature 
was [ 9,800 and the **** content of 88 degrees C and average molecular weight ] 5.48%. 
Therefore, the sum total of the average of n and m of a general formula 3 was equivalent to 34.8, 
and ri=m. 

the example 1 of example of manufacture 3 manufacture — the same - 9, 605 .3g (2.8 mols) of 
10-dihydro-9-OKISA-10-phosphorphenanthrene-10-oxide, and 868g (2.8x5 mols) of ethylene 
glycol were taught to the 4 opening flask of 3,000ml of content volume, and the flask was 
heated. Since contents dissolved when the temperature of contents became 100 degrees C, 
368.7g (2.8x1.012 mols) of itaconic acids was added with stirring. The ethylene glycol solution 
of a structure expression 6 was obtained in the same way as the manufacture approach of the 
structure expression 6 of the example 1 of manufacture. 

[0048] Here, 300g of ethylene glycol solutions containing 1,63 1.2g (2.8x3 mols) of dimethyl 
terephthalate, 0.35g of antimony trioxides, and 0.61g of zinc acetate was added. When flask 



contents were made into 150 thru/or 200 degrees C, whenever [ heating and reduced pressure ] 
was adjusted and the ester exchange reaction was completed so that a methanol might distill 
smoothly. Then, ethylene glycol was gradually removed for whenever [ in a flask / reduced 
pressure ] with slight height, maintaining this temperature, and the copolycondensation reaction 
was advanced. By termination of a reaction, 220 degrees C took 5 hours to reaction temperature 
under the vacuum of 1 or less Torr. This product was a general formula 3 and softening 
temperature was [ 3.25% and the average molecular weight of 83.5 degrees C and a **** 
content ] 10,500. Therefore, the sum total of the average of n and m of a general formula 3 was 
equivalent to 44.3, and was 3 n=m. 

the example 1 of example of manufacture 4 manufacture - the same - 9, 562.1g (2.6 mols) of 
10-dihydro-9-OKISA-10-phosphorphenanthrene-10-oxide, and 870.0g (2.6x5.4 mols) of 
ethylene glycol were taught to the 4 opening flask of 3,000ml of content volume, and the flask 
was heated. Since flask contents dissolved at about 90 degrees C, 342.4g (2.6x1.012 mols) of 
laconic acids was added with stirring. The ethylene glycol solution of a structure expression 6 
was obtained like the example 1 of manufacture. 

[0049] Here, 300g of ethylene glycol solutions containing 2019.6g (2.6x4 mols) of dimethyl 
terephthalate, 0.35g of antimony trioxides, and 0.61g of zinc acetate was added, and the general 
formula 3 was obtained like the example 3 of manufacture after that. The softening temperature 
of a product was [ 2.72% and the average molecular weight of 83 degrees C and a **** 
content ] 11,300. Therefore, the sum total of the average of n and m of a general formula 3 was 
equivalent to 49.6, and was 4 n=m. 

the example 1 of example of manufacture 5 manufacture - the same - the ethylene glycol 
solution of a structure expression 6 was obtained from 9, 864.7g (four mols) of 
10-dihydro-9-OKISA-10-phosphorphenanthrene-10-oxide, 826.7g (4x3.33 mols) of ethylene 
glycol, and 530.7g (4x1.02 mols) of itaconic acids completely like the example 2 of 
manufacture using the 4 opening flask of 3,000ml of content volume. 

[0050] lOOg of ethylene glycol solutions which contained dimethyl -2, 977g (four mols) of 
6-naphthalenedicarboxylate, 0.5g of antimony trioxides, and 0.87g of zinc acetate in this - in 
addanon, the organic **** compound which is equivalent to a general formula 4 in the same 
way as the example 2 of manufacture again was obtained. This was the vitrified solid-state 
which wore the yellow taste, and softening temperature was [ 5.02% and the average molecular 
we lg ht of 96 degrees C and a — content ] 10.500. Therefore, the sum total of the average of n 
and m was equivalent to 34.0, and n=m. 

l,552g of dimethyl terephthalate, (eight mols), l,141g (8x2.3 mols) of ethylene glycol, 0 12g of 
antimony trioxides, and 0.35g of zinc acetate were taught to the 4 opening flask made from hard 
glass of 3,000ml of content volume to which example 1 stirrer, a thermometer, gas entrainment 



opening, and a fractionating tower were attached, and the flask was heated. The flask was 
heated further, stirring, since contents dissolved at 130 degrees C. Since the methanol distilled 
from the crowning of a fractionating tower by the reaction, only the methanol was removed. 
Since the temperature of contents rose and the distillate of a methanol stopped it very much at 
about 230 degrees C with advance of a reaction, under [ all / termination / of a reaction ]. This is 
the ethylene glycol solution of a structure expression 5. 

[0051] 130g was taught to the autoclave for polyester polymerizations of 3,000ml of content 
volume of the general formula 2 which is the product of this whole quantity and the example 1 
of manufacture. While heating an autoclave and raising the temperature of contents, the pressure 
in an autoclave is reduced gradually and ethylene glycol was removed smoothly. As the last 
reaction condition, the pressure completedfO.lTorr(s) in 45 minutes, and 270 degrees C and time 
amount completed [ temperature ] the reaction. The intrinsic viscosity of the obtained 
fire-resistant polyester was 0.61, and the **** content was 0.64%. 

200g of products which are n=m of the general formula 3 obtained in the example 2 of 
manufacture was added to the ethylene glycol solution of the structure expression 5 obtained 
completely like example 2 example 1, and fire-resistant polyester was again obtained like the 
example 1. Intrinsic viscosity was 0.61 and the **** content of this was 0.62%. 
370g of products which are 3n=m of the general formula 3 obtained in the example 3 of 
manufacture was added to the ethylene glycol solution of the structure expression 5 obtained 
completely like example 3 example 1, and fire-resistant polyester was again obtained like the 
example 1. Intrinsic viscosity was 0.62 and the **** content of this was 0.62%. 
460g of products which are 4n=m of the general formula 3 obtained in the example 4 of 
manufacture was added to the ethylene glycol solution of the structure expression 5 obtained 
completely like example 4 example 1, and fire-resistant polyester was again obtained like the 
example 1. Intrinsic viscosity was 0.60 and the **** content of this was 0.62%. 
Dimethyl -2, l,586g (6.5g) of 6-naphthalenedicarboxylate, 967g of ethylene glycol, 0.35g, and 
0.38g of antimony trioxides were taught to the 4 opening flask of the 3,000ml of the same 
content volume as the example 1 of example 5 manufacture, and the flask was heated. Since 
temperature amounted to 160 degrees C and contents dissolved, it began to stir. Immediately, 
since the methanol distilled, temperature was raised gradually, removing this, the distillate of a 
methanol finished with 230 degrees C, and the reaction was completed. Products are mainly JI 
(hydroxyethyl) -2 and 6-naphthalenedicarboxylate. 

[0052] While teaching the general formula 2 obtained in the whole quantity of a top Norio 
product, and the example 1 of manufacture to the autoclave for [ 130g, 45g (0.232 mols) of 
tetraethylene glycols, and 0.33g of trimethyl phosphate ] polyester manufacture of 3,000ml of 
content volume, heating an autoclave and raising the temperature of contents gradually, the 



internal pressure of an autoclave is reduced gradually and ethylene glycol is removed For 
temperature, 285 degrees C and a pressure were [ 0.1Torr(s) and the time amount of the last 
conditions of a reaction ] 40 minutes. The intrinsic viscosity of the obtained fire-resistant 
polyester was 0.40, and the **** content was 0.62%. 

The product which consists of JI (hydroxyethyl) -2 and 6-naphthalenedicarboxylate was mainly 
obtained completely like example 6 example 5. 

[0053] 225g, 45g of tetraethylene glycols, and 0.33g of trimethyl phosphate were taught to the 
autoclave for the general formula 4 (n=m) obtained in the whole quantity of this product and 
the example 5 of manufacture, and fire-resistant polyester was again obtained like the example 5. 
This intrinsic viscosity was 0.39 and the * * * * content was 0.61%. 

instead of the 130g general formula 2 fused in the example of comparison 1 example 1 
fire-resistant polyester was obtained almost like the example 1 except having used 240g (**** 
content: 4.5%) of ethylene glycol solutions of a structure expression 6. Reaction end time 
required 65 minutes. The intrinsic viscosity was 0.61 and the **** content was 0 63% 
Instead of the 130g general formula 2 used in the example of comparison 2 example 5 
fire-resistant polyester was obtained almost like the example 5 except having used 240g (**** 
content: 4.5%) of ethylene glycol solutions of a structure expression 6. Reaction end time 
required 60 minutes. The intrinsic viscosity was 0.40 and the **** content was 0.62%. 
The yam which carried out spinning extension and obtained the fire-resistant polyester obtained 
in example 7 example 1 thru/or the example 6 and the example 1 of a comparison thru/or the 
example 2 of a comparison, the usual polyethylene terephthalate (PET) which does not contain 
**** and usual polyethylene -2, and 6-naphthalenedicarboxylate (PEN) with the conventional 
method was made into stockinet, and the Ig was put into the wire coil with a die length of 10 
centimeters. This was held at the include angle of 45 degrees, and it lit from the lower limit 
When flame was removed and a sample digested, ignition was repeated again, and the count of 
the ignition which required all of samples for burning was measured. About one sample the 
same measurement was performed by a unit of 5 times, and it considered as fire-resistant 
evaluation. The result is shown in Table 1. 
[0054] 
[Table 1] 
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0.6 3 
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0. 40 


0. 62 


4-6 


PET 


0. 60 


0. 00 


1-2 


PEN 


0. 39 


0. 00 


1-2 



[0055] 

[Effect of the Invention] The fire-resistant polyester by this invention approach of of the 
fire-resistant evaluation result of an example 7 to an example, 1 thru/or an example 6 and the 
fire-resistant polyester by the conventional approach of the example 1 of a comparison and the 
example 2 of a comparison were efficiently equivalent as a fire-resisfant polymer. 
[0056] As effectiveness of the manufacture approach, quantity for manufacture of fire-resistant 
polyester moreover, by using the general formula (2) which are the content which is not needed 
and the vitrified solid-state which has high softening temperature, (3), and (4) as a 
flame-retarder component The transportation, storage, and handling nature are improved and the 
productivity of fire-resistant polyester can be further raised by increase of the volume per batch 
in manufacture of fire-resistant polyester, and compaction of the poly condensation time amount 
which per batch takes. 
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{fc^*\ #uxfi/y-fi/7^ h&tf # y x^ 
2, 6 y h*r>e>3St£ 

ns#yxx-r;l/OB5ija8t^iPLT, ttBIRS^-t*- 

[00 2 1] f fc^^OMtgiJCDSMtctn^ 

IsyfV =i-;V*toijftTtS*S*^ SltfiS^T, 2, 
6 - i^fj ;i/#4=- 7 * y > £ fc « s> ^ ?•;!/- 2 . 6 - 
i-7$ y h*iP^Txx-r/Hb*fc 
tixXx/l^&KJE^fT&fr-^ fOST, *P^> MEE 

#'jxfi/>-fi/7^i/-hsrf^yxfi/y 
- 2, 6 -1-7$ y >'> ? *;i/^v'^- h^sstfns 

^yxx-r^cOSafijlStcSifiPLT, Mi^S^§<: 
i:J:»>!B:**jKtt#'Jxxf-;bO«Jt^r»*«««n 

[0 0 2 2] «3fi5£-U*«*> 9, l0-ytKn-9 

i o-7*7777ityxi/>- l.o-t 



[0 0 2 3] 
Htl 1] 

o— p=o 
I 

CH, 

HOCCHCH.COH 10 
I 2 II 

o o 

2 o4^n 3or-pra»fcjiffrs. l**u sigs 

7tt2 0 01Cf*ififc:*Ol||ja**LT^T, SlCfcAfe 

«3iS6cDaift»J<:»LT2. 5ftl^L3. Sfiit^ 
«o ft&\ ^^«ffl««*«Wk:««»aSffl"e**HR 
S2©3i|*fc:»LTft6«5&^L7^MBMiLT 

3 Vife^ffXfl/yjriJ 3-;VSfi 1 2 0*6 2 

0 0t?5ft^Ll 0BWHfi««*T, HJtarftr^ 
*o ii3t> »5tlS^J««tt«J63S6(D6 0%JMTOx 

[0 0 2 4] W>*fc, CO<fc?KLTtt±tf6*ift, fi£ 

U > if V a - 0 ft <fc 0 ^«0««BW*tt3i * ft » 
htfft6ftfrofc 0 ctiti, iMT % ^b^L,-7(7)§ 

ftTl^*»ftx?-U>yu=i-;l/«r|»£-rs<&R*« 

C0025] Lfr*fc, ISSeoxfuy^y^^ 
}SJS**PjRi, SJETtcx^i^v^ijn— ;l/%R££l,fttf 
6. «!»*E«S*T»6n«-«a2fr6a*0A/# 

Jfi«^*iD**6tU £ft&#ftx^>>fyzi-;l,o 



,} «fIIB¥ 1 1 -8 0 3 4 0 
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[0 0 2 6] «fflS6t0x^-U^^U3-;]/}S?SfcT-U 
7^l/8^fc(ii/7f/l/fl/7^ h^f6»fc:<aSft6 
tfx^u>ifijr3-;i/^iD^T> x7f;Mt^/c(ixx 

ttTfeoT, cn^lT«»#«JxxfWt 
attO«Ttt«6tiftv\ 6£oT, CO-jRS3*>6ft 

iE«g*y t - »a 2 e ft § n mm t mm ic # u x * x 

[0 0 2 7] tft, Ha6 0x^uyin;3-;ngK[ 
IC 2. 6 -i?f)A,&*i/+7& >J ^fttei^^l/- 
2. 6-^-7*y >^*;l/5p*S/U— h^6fc:i&Bft6 

tt^S-frfttf, HRSC4 ^6ft«)HKM«W»$ti«. 

iSiBttsK y x^^i/oftjtfcfflffl-r *»*ta*5o 

[0 0 2 8] mn, "-iKSCSttlBlBttOaKyx^u^ 
2, 6— *"7*y >^;l/#^->U— hfc^-ti^tiffiffl 

[0 0 2 9] -»SC3*<krfHRS4tt^-f" 

[0 0 3 0] «3tS£6<Dx^Uv^y n-;b}g^Ap 
ft* KETfcif l/>jfy n-;l/*R£L4tf 6, MIS 
*iEffi*fTft*>*THR5S2*«J6'r*i:f?, MKtfft 

®s 3 s ft ttHKsc 4 *§«rr * t * ic t raatem* * 

[0 0 3 1] Hftfc^ #yx^-r;l/OSIB*Effit0<tt« 

LTl^ftfcf, JiJIStt^yxXx^OSififclBLT, ff« 
[0032] gitS6 6Dx^ix>^y n^i/jgffi^inJSi 

LTs Kjsart^wfffc-rntfx^uvifyn— 



(7) 



&ffl¥- 1 1 -8 0 3 4 0 
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frfcUTttfifttf 2 0 0^12 5 0°C, 

0 1 &^L3 T o r r^LT£i£Bfp a W3%^L2 0B# 

[0033] LCT»^tnn mm-SKfoicm 
zn&o nmcmmznztemtLTi,^ sb 2 o 3 - « 

(AcO) ! Cal Sb2 03 — (A c O) 2 Mn 
IS, Sbz 03 - (AcO) aCoS, Sb2 03 - 

(A c 0) 2 Z n?£, G e 02 — (A c 0) 2 C a 
GeOz - (AcO)i Mn^ GeOi - (AcO) 
2 Co^SftttGeOi - (AcO) 2 Zn^Htfi 

[0 0 3 4] £fc, IfifiSeOifUy^'Ja-iwat 
fcfcfc*.tf„ ->7f^fl/7^ I^-h&.fctfS b 2 O3 
- (AcO) 2 Zn&Ottjg, ^StCj^S^eifx^-lx ■ 20 

8552 traai-pfet), hrs3^&&** 

[0 0 3 5] SSfc, «Jt3Sl > l'*3>l|x^-l/y^ 

l^mco^Tfc, — fiaS3<DS5S-pffifflLfc^^;b'7 : - 

[0 0 3 6] -fiS^2COnCD I Ft§fiS*3<kl>*— SSS3^fc 
&-I&S4 ©n fcm©¥i3ffl©£SH4 4 tU:TfeS 0 C 

nso^arsfetiT^tf^w-* 4 4 5fc»-e&wf — » 

S2> HRS3*J:tf-HRS4 3?p6a:aitMRiJOftfba 
fctfl5#fcW<H:ft&1\ ^©*&&&^U4ifj§tt'fc:7"n 40 

lC^ftt5©T*!fSt<ft^o 2 © n ©¥t£M:fc 

<fct>*-fe£3 ttfcte— m&.4(Dn tm(D¥-i$m<D'£nii 
<fc t) & £ L < 6 JM± V * 6lc»S KlilO JiLtTNfc 
So fU. — KS2©n© 3 F*3«*.fctfHRS3S;te 
te-flSiS 4 © n £: rn © W3fiI©£-fHc 14±RS£K; § & 

-9S:£2©n©¥t5fiI©^iB«:ii$4 0T-£t>, -flSi£3 so 
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[0 0 3 7] £fc, -SSS3fflnfcmt«;li4nS 
m©|lfl<I#&0, — SS^4 ©n tmt<Dmcit2 n^m 
eft &©§§&«* ^cfc3t^#J©!?A/§- 

s#'>& < ana , *ns^o @ w t -r *«t«tt* u xx 

[0 0 3 8] fi£5fc, II«14c0^yx9 l U>'xP7^U- 

TV*. &*5, W8«-£JSOfcft©««t(4^«>«aii5S5 

aJt-&EJSttiSfi^ 2 6 0^L2 9 5U X^fttf 
0. 01%^L3Torr ©■^ftTT-fT&'bft, EJSSI 

©Iff h ;l/ > ja 6 ent 

gftfcfc^r' lffijBS14©^'Jx^U>-x uy*u-h<p 
©t>A/§S**0. 34^bl. 0%tft±*tS«fc-5K: j e 

[0 0 3 9] L^SIC, #fgB.§©— SSiS 2 , -flgi£3t: 

fc a:— irss 4 zmmm t l r^ffl u t t fit*©?* a 
< ra«teUT, ii«tt5j<y xxx^aja-r^^a*- 

§0 lT&fr*>, «i65£5SfcttS> (t Fn+->xf ;W 
- 2 , 6 —f7$V Wt))\>#3ri/\s— Mc&gfi©— 
flS:£2, — )RiC3S7tH:— «SC4*»ftlLT^ 

jtf V i^f;WliS«n«. ft±*f 6nftWHt#'J x 

%IE^LTfe±<ESU-r5** < !(±i*^V> C) <int4, HR 
gTft?a^S fc l4xX7 L ;l/5clSI5Jt5lC i?T*'J xxf 

[0040] # y xx-r;i/©fta^sy© o A/tw J&tasw 

i:LTti. «i£^6©<tiStfe«itS8*rc{4^ji 

[0 0 4 1] 
Mtl 2] 

I 3 

HOCCH2CH 2 POH - (fl|ji^8) 

O O 

[0 0 4 2] 
Ut \ 3] 
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HOCCHgCHjPOH ... 

o o 

§ # u xxf;b k oft n«:««#tt*aafcft v^KHrt 
[0043] s&ic, Tfr&m&cnmmit&W!} 

[0 0 4 4]. 

mm 

P^^xntc9, l 0-S^t: Kn-g-^-^+f- l 0- 
7tX7r7xt>XL/>-10-tWF OHKfiS 
1) 1, 2 9 7^7^ C6^e;W i:xfL/^ij3-;I/ 
1, 241^7A (6X3. 3 3€;V) i:^fl:^ 7 

7Xn^Dii/c 0 rt§W»ioox:i^^/c 

9, 10-^tKD-9-m-10~7tX7 
T^x^>XU>- 1 O-^tM K^Xfl/>^ij3 
-;Hcfg«?L/cOT\ fr££^&tf£^£n>&7 9 6 

(6X1. 0 2*;W *SinLfc 0 7^xnc7)^ 3 
■P*iiLT«E»fcOft«?, 77Xa^3 0Tor 

fcB*£L**<& % rt*«01U*NHK2 0 OlCfciaScfc 
£T£ 4 Pf|fB*»U *«tO«ES« 430TorrT 4c 

2 o oricitLfco rts*oi»ie^i 8 sicteftoTfr 

t»^*»tiiW77X3*»E»Cj?Lfe e SUS 

[0 0 4 5] Cftfe, =|ft7m> (S b 2 O3 ) 
0.2 5 ^AfeckOWBMft { (A c O) 2 Z n ■ 2 
H 2 0} 0. 2 Z^A^tfXfl/^ij^w o so 



l) WHAT 1 1 -8 0 3 4 0 
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0^A£*D*. 77^3^2 0 01Ck:fiS4j|)^ 

;Wra»fc«m-r«J;5fcW|su«:tf6, lTorrtt 
TO«lcLfe 0 CCT% »**2 2 01CSTJWS 
KbTxfU>^Un^gffi^^ Co 3$5B# 

fioaHftrf7XttH*T?8ofto Sfc, C«^(i 
9 2°C N y;l/^- = x^^ 3 >>7DYh>?77^- (g 
PC) t«L/cf^i{i 6 , SOOflT^t 
Stt8. 3 \%T*tbr>tz 0 tSot, -»S2£0nWJ^ 
fflti 1 8. 1 tCffl^LTV^Co 

[0 0 4 6] g p cv<D^mm^c^r, £ 

ffi£xt7 fcx^i/>^y 3-;l/^o««xxf 

fiFft-ettftt^fcjta^nso •**.*«:*** ear, ^ 
Sii^j2 

□ 77Xn^9, l o-^fc: Fn-9-^t~ i o- 
7tX777xt>Xl/y- 1 0-^+^ K8 6 4. 
7 2^i* (4^e;W ^xfl/>^ij3^;l/8 2 6. 7 ^ 

(4X3. 3 3^e;W *tt5&*7 9X3**pJ»L 
fco i&SttM OOTCHlSoT, flfflfcff»»Lft©W 
t^m, ^3>B5 3 0. 7^7A (4X1, 

0 2*;W *»4nU «1B«1 knWIteUT, «3iS6 

[0 0 4 7] #^T% cnm^f;Vfl/7^b-h7 

$ioo^7WSljDi/co ^vxn^in&LTrtSftf 

3 Otfcl&oT, rtfflWl/*:OT% 

5 0S^L2 0 OttSfiiCcfcoTSSct 
*B»lc|»S*n*J:5fc, 77Xn(7)iDii:iE^ 

£l To r rttTO^ClT, 77XnfioiHKJ| 
**a««6, *JBfcJa««±»S*T2 2 Otfcfcofc: 

Tfcofco ^»[fkM8 8U ¥i^^a«9 t 8 0 



(9) 



WmW- 1 1 -8 0 3 4 0 
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O^LTDA/S-aiS. 4 8%T^fte S£oT> H8 
S3©ni:mO¥lSi©*IW:3 4. 8tcfflSU n = 

□ 77X^^9, 1 0-S/t: FD-9 -^-9-- 1 0- 
7^X777ifyXl/>- 1 0 — K6 0 5. 
3^5 A (2. 8^/W feitfxf l/yjfu^-^s 6 
8 2^ A (2. 8X5W) «rtti&#, :7^xxi;£in^ 
Lfco rt3B*<0iB**M 0 0 , CK:ftoft6rtS**<»jSP io 
IftO^ fr**-tf*#S, -T*3>»3 6 8. 7^5 

A (2. 8X1. 0 1 *S4DLfco 

H§3£:£ 6 (D&mfife £ m US«^«iSa 6 oxfuyy 

[0 0 4 8] ClT\ ^l/f^Jl^H, 6 3 
l. 2^A (.2. 8 x 3^;b) tecfctf^fLT^^- 
x^u^u=3-;WStt3od^ix*»iobfco 7^ 
XnftgK 1 5 0&^L2 0 O'Ctcbfc^fci^y 

t/to KfiW«7SWz:tt* 1 To r rttTOK^ 
Ef£iBft#2 2 CCT?5*IB*BLfto dO^feti— 
<ftS3^fcoT, tt{b&«8 3. 5*0, t)/u$a(i3. 
2 5%fLT¥^?ittlO, 5 0 0TfeofCo 
fc, HR3S3©nfcmO¥«MlO*W-tt:4 4. 3tcfBS 
lv' 3 n =mTfeofc 0 

wtm 4 30 

IQfiMi kHU 1*336*3, ooosuyy h;i/opgo 

□ 7^Xn^C9, 1 0- 
7tX777xt>Xl/y- 1 0-*-*1M F5 6 2. 
1^A(2. fecfetfx^U^U 3-7I/8 7 
0. 0 4^A (2. 6X5. 4^;W *thii». 
3«rira&l>c 0 ^9 0t^77X3flgW^Uc^ 
T\ ^^3>i3 4 2. 4?^A 

(2. 6x1. 0 1 2€W zmnistco mmmi tm 

[0 0 4 9] CCT% S/7f;l/fU7*U- h 2 0 1 40 
9. 6 (2. 6X4^;W fectaHKftTV^ 

yO. 3 5^7A^SMfe v 0. 6 1^7AW*Lft 
Xt c U>^Uxi--;1/^3 0 O^A^iPbT, fit 

a, hji«3 fcra*^uT, — «K3 3W»6nfco 

«3<0«{b£li 8 3t, 0 A,MU4 2 . 7 2 LT¥^ 
1. 3 0 0t'$ofe e -«SS30n 
km©¥*5ffi<*>&tB;i:4 9. 6fc*BMSU 4n=mT$ 

■ISA! 5 

HJBWl fcnC^ rt®B3. 0 0 05'JUv h/l/OKO so 
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P77X3^T, 9, 

- 1 0-7tX777xt>Xl/>'- 1 O-^IM K 
8 6 4. 777A (4^e;l/) . Xfl/^«J3-;V8 2 
6. 7^A (4X3. 3 3*71/) !3iW?3>85 

3 0. 7^ (4X1. 0 2*;W 8GS0U.2 t 

[0 0 5 0] cnic^^/b-2, 6— 
;V^S/b-b 9 7 7 ^7A (4t;W tHKfkT^ 
^e>0. 5^5AfeJ:tfWlfcffi»0. 8 7^7i,m 

t>\ «jfi«i2 i:rai:E«-PHRS4fcffia'r«*«t)A/ 

T¥*S$HP*tt 1 0. 5 0 0T*J6oft 0 ntm 
OTO«0*tK43 4. OtaSU n=m^feofc 0 
^IffilflJ 1 

OP77XalC^f;Vfl/7^U-Fl. 5 5 2^7 
A, (8*;W, x?U>jnj3-;H, 1 4 1 y^A 
(8X2. 3^c)V) , EMitTl/^^O. 1 2^A 

fiitfBlifio. 3 s^^A^tt^^^xxi^in^ 

L/co 1 3 0 e CT^S^®^tfcC0T^^^-t?^^ 

6 ;* £ y — ;l/#Bffi L/cOT\ y * / — ;W£W-#< 

iii±#lts ^2 3 0°Ct:IoT^^y-;^i^ 
#±Lfc<DT\ EJS0*7k#fcL;fco CtiMM5 

[0 0 5 1] dtD^S^SitW 1 *HRS 
20 1 3 0^5Ai:*rt£fj»3, 0 0 OSU U y h;l/tD 

# y xxf;H^fflot- h * ^tctt^/u/co 

y RJIfcRSSns J: 5 1ft. «»Efc*fr 

tlT, mhtfiO. lTorr, ififttf 2 7 Otf IT 

b#hkm 5#TE**aiSLfc« »6nftB«tt#yx 

4 %T*£>ofc 0 
^SSP2 

k^<n«fcUT»&nfc«Btst5ox?-u> 

^U=i-;W**k:, HJfiCT2T»5n^-iaa30n = 
mT^^t«2 0 O^A^iD^, Utf*«S« 1 fcW 
**c:LT«t«tt#yxxf-;l/*»fco ctittH**6«^ 
0. 6 DA^fttfO. 6 2%T»ofeo 

^SEffiJ3 

^SSMl i:±< wa»cUT»6nfc«JS*5<Ox^L/> 
^y=3-;W««fc^ «Jtffll3-C#6nfcH8a303 n 
= mt*54^»3 7 oy^Afcira*. Stf Hffl^J 1 k 



(10) 
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nunc LTi«tt#.jxxf/^f/co cnaiB«ttA 

#0. 6 27*0, 9A,#Stf0. 6 2%T?£o7t„ 
*i&£0!l4 

$TU S jg^) 4 Tf#e>nfc-lte£3 <D 4 n 

= m7£S£fig%j4 6 O^ASrSa*, It/Hii i i; 

mmc ltmm&xv xxx^^ff fee cntiat^i 

tfO. 6 0Tfet5, t)A,1tS#0. 6 2%-rj-feofc„ 
USSW 5 

M&mi £*5&CrtgS}3, 0 0 0 S U 'J 7 h ;bCDE3"0 
P77^3t^^- 2 , 6 _ ^ 7 £ ,j >S?A 

*>U-M, 5 8 6^7A (6. 5?7A) , x^U> 

y>J 3-,b9 6 7 i^A, 0.3 5 ^AfcJctfHIgfb 

Z^eMrVO. 3 8^A*tt3£^ ^Xn^nj^L 

T\ Ctl*ffi£L%:tfiE>XmiCiM l £%:±t,fT s 230t 

±£LT, (tKD+i/i^) -2. 6— *-!7*y 

[0 0 5 2] ±f5£f£^<7)±fi, iaii^lj 1 T'l^nft- 

£VA (0. 2 3 2W) l3&UhV *9-)ly*xyx. 
— h0. 3 3^"7A^gl3, 0 0 0 5U MUD 

bv?yn-Mii t5o 2 

85<c ^ fffttfO. lTorr^LTW4 0»f$ 
ofe. mt>tircMti&1<ktfi) iXf7l/C0WttSii 0 . 4 

^0U5t^:<|5l^tLT±tbT, (k Kn*->i 
-2, 6— ±y^V ^fc/I/jfl+S/U— ha^a 
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[0 0 5 3] C <D£fig&©^fi N gjttBJSTffBttfc- 
«S4 (n=m) £2 2 5 ^7A, fh7lfl/>^ij 
3-;M 5^A*5«fct»ij^^7^- 7 , 7x _ h0 

*ti0. 3 9f$t), 9A,ltfifiO. 6 1»T?*oft. 
Jt««l 1 

^S60>J 1 Tffiffl Lfc 1 3 0 *7 ACD-ISS2 ©ftfo *) 

io 4 . 5 %) £ 2 4 0 ^5 A1$ffl L fctt*tt±HfiS0IJ 1 fc» 

tt6 5»*ILft Q fOBtttSBO. 6 1T?*t), t) 

A/g"S« 0 . 6 3 % T'2b o r=„ 

It«0!l2 

^SSfiaj 5 -rj-^ffi Lfc 1 3 0 A©-|&:£ 2 <Df^to y 
4 . 5 %) * 2 4 0 ?7ifffl Lfc«Wi*jfiffl|5 fc5& 

20 A,$g« 0 . 6 2 % Tfe o fc„ 

^ffiW 1 bUSSA!! 6 t5<fclfj±B!fiaj 1 LJtKfBI 2 

Sff)#'Jlf^fb7^U-h (PET) teitfii^ 

h (PEN) *«ftfc«fcr), tt*ffittLT»fc***y 
-fX&I^fcLT, -^co 1 ^7A^SS 1 O-feV^-h' 

t, ni:»6*5H"rotfa-3Tii«MtoiMifcLfc. 

[0 0 5 4] 



40 



50 



WHPF 1 1 -8 0 3 4 0 









3g$>tt (H) 




0.6 1 


0.6 4 


4 — 5 


» 2 


0.6 1 


0.6 2 


4 — 5 


* 3 


0. 6 2 


0.6 2 


4 — 5 


* 4 


0. 6 0 


0.6 2 


4—5 


n 5 


0.4 0 


0.6 2 


4 — 5 


* 6 


0.3 9 


0.6 1 


4 — 5 


item 


0.6 1 


0. 6 3 


4-5 


» 2 


0. 4 0 


0. 6 2 


4 — 5 


PET 


0.6 0 


0. 0 0 


. 1-2 


PEN 


0.39, 


0. 0 0 


1—2 



[0 0 5 5] 

C«W<oa*3 S6«iffy7 0ltjlBttOlMi*S**6, SUSS 

x/bfcitKM i fe<fct;jtK^j 2 

[0 0 5 6] tfc, «jeDJttO««fcUT, WBtt*y 



**f9XttH{*T**HR* (2) , (3) RXJ (4) 

ssg ic *s # ^ / s f- m tc k> <D£.mm<?>m*. t v ^ m tc 
t)te!i-r*att^iiii©«ttfcj:-3r, W8tt*'jx7 
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